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RESEARCH:
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cation include its ability to clarify the relation-
ship between hydrology and geomorphology
and wetland function, and its open structure,
which allows adaptation in various types of
wetlands and geographic regions of the country.

SUMMARY:

This report outlines a classification of wetlands
based on the wetland hydrogeomorphic proper-

ties of geomorphic setting, water source, and
hydrodynamics. Indicators of function are dis-
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likely to perform is discussed.
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The hydrogeomorphic classification of wetlands described in this re-
port was intended to lay a foundation for ongoing efforts to develop meth-
ods for assessing the physical, chemical, and biological functions of
wetlands. Strengths of the classification include clarification of the rela-
tionship between hydrology, geomorphology and wetland function, as well
as the open structure, which allows adaptation in various types of wetlands
and geographic regions of the country. The classification is not intended to
replace or displace other wetland classifications such as the U.S. Fish and
Wildlife Service’s Classification of Wetlands and Deepwater Habitats,
which are well suited for the purposes for that they were designed.

Much of the credit for the hydrogeomorphic classification can be attrib-
uted to the many pioneers who have demonstrated the relationship between
ecosystem structure and function. Dr. J. Henry Sather saw the critical need
to further develop functional assessments, and was instrumental in initiating
the development of a hydrogeomorphic procedure. The manuscript benefited
from the detailed written comments of Mr. Garrett Hollands and Drs. Frank
Golet, Katherine Ewel, Daniel Hubbard, and more recently, Dr. Robert
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1 Introduction

Purpose

This manuscript introduces a classification approach for wetlands' that
places emphasis on the hydrologic and geomorphic controls. These controls
are apparently responsible for maintaining many of the functional aspects
of wetland ecosystems. The approach places emphasis on the importance
of abiotic features of wetlands for such functions as the chemical charac-
teristics of water, habitat maintenance, and water storage and transport.
An attempt has been made to keep it robust enough to accommodate all
wetland types. It is hoped that it also is flexible enough to accommodate
the continua that exist among wetland types, between wetlands and up-
lands, and between wetlands and deepwater ecosystems. An effort has
been made to keep the classification simple enough so that the user can
learn it quickly, and, in the process, progressively can gain insight into
the functioning of w=tland ecosystems through practice. The approach is
completely open to revision and correction as additional information be-
comes available.

The focus on abiotic features of wetlands is not meant to ignore or
trivialize the importance that organisms play in the structure and function
of wet'and ecosystems. In contrast, it is hoped that by using the approach,
it will lead to a better understanding of the relationship between organisms
and the environment. Other classifications, for very good reason, have
placed great emphasis on the structure and species composition of the
plant community For example, the Fish and Wildlife Service’s Wetland
Classification system (Cowardin et al. 1979) relies largely on vegetative
cover because the type of plant cover (or the lack of it) is the kind of in-
formation that can be reliably interpreted from aerial photographs. This
allowed the classification to meet one of its major goals of providing the
basis for tracking changes in the surface area of wetlands over time through
the National Wetland Inventory. However, the present goal is to place em-
phasis on features of wetlands that are relatively independent of the biogeo-
graphic distribution of species. Species composition of plant communities,

1A glossary of terms is presented in Appendix A.
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in theory, should be irrelevant to this classification because it relies almost
exclusively on geomorphic, physical, and chemical descriptors. In practice,
however, vesciation often provides important clues of hydrogeomorphic
forces at v Lrk in an ecosystem. Also, vegetation structure, especially the
distinc .un between forested wetlands and marshes, may play a fundamental
role in the capacity of the wetland to serve as habitat for birds, mammals,
and other groups. Hence, familiarity with the adaptations and tolerance
limits of plant and animal species is a necessary skill for successful classi-
fication within a given biogeographic region.

Ideally, this classification should interface logically with existing regional
classifications that place emphasis on hydrogeomorphic descriptors. If
such regional classifications do not exist, it is hoped that this approach
can provide a convenient template upon which to build a locally or region-
ally useful system. Once those tools are developed, the biotic components
should be drawn into the classification process.

The classification is limited to aggregating wetlands with similar func-
tions. It is not intended to be a “valuation” procedure that ranks one wet-
land relative to another for specific functions. While there may be some
merit to using this classification as a starting point for ranking functions,
assessment procedures are beyond the scope of this report. Chapter 5 dis-
cusses how the transition can be made from classification to assessment
procedures. Neither does the classification rank wetlands according to
their capacity to provide a service of value to society. This does not mean
that functions of wetlands are “value free,” but that ecosystem function is
based only on factors essential to the maintenance of the wetland itself
and its associated ecosystems. Factors that contribute to the well-being of
society are omitted in part because such values are prone to vary over
time and geographic region (Lugo and Brinson 1979).

As presented here, the classification lacks the resolution to distinguish
among the many types of wetlands that commonly are recognized within a
geographic region (i.e., bald cypress versus water tupelo swamps; red maple
versus buttonbush; willows versus balsam poplar). This is intentional for
two reasons: (a) hydrogeomorphic classifications by their very nature are
not designed to be sensitive to species composition of vegetation, and
(b) this report describes a generic approach to classification and not a
specific one to be used in practice. Rather, the approach is described so
that an array of existing wetlands in a geographic region can be assigned
hydrogeomorphic classes that will reveal better their ecosystem functions.

Unlike classifications that depend solely on information that can be col-
lected within the wetland, this classification requires that factors external
to the wetland be recognized. One cannot classify, for example, a hectare
of seasonally flooded bottomland without at least implicitly recognizing
that it is part of a larger floodplain and watershed complex. The attributes
of a particular hectare of wetland, such as the source of the water for a
site, are intrinsic properties of that hectare even though they are derived
from a much larger geographic area.
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Chapter 1

One of the distinguishing properties of the classification is the emphasis
on what might be considered “first principles” of wetland function. While it
has become trite to say that hydrology is the most important variable that
distinguishes wetlands from other ecosystems and wetlands from each
other, there has been insufficient quantitative work to reveal why and how
hydrology influences wetland type. One of the tools that can be devel-
oped during the process of classification is a “functional profile” that is
derived from the ecological significance of the functions determined dur-
ing the classification process. This concept will be described more fully
in the section “Profile Development.”

Meaning of Ecosystem Function

In the literature on the assessment of wetlands, it is common to refer to
“functions and values.” The implication is that wetlands are functioning
in a way that society perceives as valuable, so there is no effort to make a
distinction betwecen the two terms. In addition, “values” has been used to
indicate that certain functions are “valuable” to wildlife, whereas the terms
“essential” or “beneficial” are more neutral and appropriate terms. Taylor,
Cardamore, and Mitsch (1990) draw a distinction between functions and
values by pointing out that values are the goods and services that emanate
from functions. The present classification stops short of discussing values
because the intent is to classify wetlands according to their hydrogeo-
morphic properties, not their potential value to society. By limiting the
analysis to science, issues can be avoided that deal with which value is
more important than others. As it turns out, however, most of the functions
that are attributable to wetlands also have a corresponding societal value.
It is possiblc that the bias invoked in placing emphasis on the better under-
stood functions may cloud the capacity to see and understand more funda-
mental functions that have yet to be articulated.

An example of the difference between functions and values is the re-
moval of nitrate from surface and groundwater by wetlands. It is common
that nonpoint sources of nitrate are intercepted from agricultural and urban
landscapes by wetlands (Kuenzler 1989). The societal service is improved
water quality because of lower nitrate concentrations. Clean water is per-
ceived to have societal value as recognized in legislation such as the
Clean Water Act. The ecosystem function is the removal of nitrogen by
denitrification. Denitrification (as well as other attendant microbial and
nonmicrobial processes) is the critical mechanism that allows this to
occur.

Another way to distinguish among mechanisms, functions, values, and
related properties is to recognize that functions exist in the absence of
society and are normally part of the self-sustaining properties of an eco-
system. The relationship among these properties is illustrated in Figure 1.

Introduction




GEOMORPHIC SETTING

CRITICAL PROCESSES

5\)
, @ﬁ/L'* & MECHANISMS }‘\ A
e\
L Feed-
backs
WETLAND -"/ -_—
FUNCTIONS NATURAL
| STRESSORS
N\ )
Commodities ¢ Intangibles
EXTRACTABLE
RESOURCES
CONSTRUCTIVE *
HUMAN LIFE DESTRUCTIVE

SUPPORT SYSTEM

Figure 1.

Diagram that conceptualizes the relationship between wetiand functions and
wetland values. The dashed line separates the geomorphic setting, which con-
tains wetland functions, from societal interaction with wetlands. Items above the
dashed line can continue in the absence of society; those below show the “uses”
of wetlands by society. Critical processes and mechanisms (e.g., photosynthesis,
microbial activity, and decomposition) and ecosystems functions (e.g., primary
productivity, biomass accumulation, and nutrient cycling and retention) may be-
come resources for human life support. The term extractable resources is meant
to include intangibles, commodities, and all other goods and services that contrib-
ute to the human life support system. Note that human life support refies both on
wetlands in their geomorphic settings and fossil fuels. Feedbacks initiated by so-
cietal values can be either constructive or destructive. While values are merely
perceptions, they establish how the life support system interacts with the wetiand
resource. Adapted and modified from Twilley (personal communication, 1990,
University of Southwestern Louisiana, Lafayette, LA), Taylor, Cardamore, and
Mitsch (1990), E. Maltby (personal communication, 1990, University of Exeter,
Exeter, U.K.), and Whigham and Brinson (1990)
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However, others argue that human uses should be incorporated into classi-
fications.! While this has much merit given the dependence of some
societies on wetland functions, especially those in the tropics (Welcomme
1979), the approach would be better reserved for classifications designed
to distinguish different types of human uses rather than hydrogeomorphic
classes, the goal sought by the present document. Regardless of the func-
tions and whether they are perceived as having utility during a given de-
cade or by a particular culture, an anthropocentric goal of management for
ecosystems worldwide should be to maintain ecological processes, pre-
serve the genetic diversity, and utilize species, populations, and ecosys-
tems in a sustained way (Lubchenco et al. 1991).

Classifications with Hydrogeomorphic
Approaches

A number of wetland classification systems use hydrology and geomor-
phology as the basis for differentiating types of wetlands. Some of these
will be reviewed briefly below. One classification of lakes and one of riv-
ers are included because they possess many of the features that are useful
to functional classifications of wetlands. The examples given below are
not exhaustive, but they provide an overview of past efforts to deal with a
large variety of wetland types. Mader (1991) has reviewed the literature
on classifications for forested wetlands.

Wetlands

Most classifications of wetlands are designed for use with a restricted
range of types or restricted geographic coverage. The approach of Gosselink
and Turner (1978), however, can be characterized as geographically neu-
tral. They argue that the hydrologic characteristics of wetlands influence
four ecosystem attributes: species composition of the plant community,
primary productivity, organic deposition and flux, and nutrient cycling.
The major “hydrodynamic characteristics” that they propose are water in-
puts, water outputs, type of water flow, and hydropulses (i.e., seasonality)
(Table 1).

The “hydrogeologic” evaluation of O’Brien and Motts (1980) was de-
signed for wetlands of New England and the glaciated northeastern United
States. The geologic factors are the composition and thickness of surficial
material and the composition of bedrock. Hydrologic factors are hydro-
logic position (perched, water table, or artesian), permeability of organic
layer, depth of surface water, transmissivity of underlying aquifers, ground-
water outflow, and water quality. Topographic factors are position within

1 personal Communication, 1990, E. Maltby, University of Exeter, UK.

Introduction




L:?:I)er :-lydrodynamlc Characteristics of Freshwater Marshes'
Raised- Sunken-
Convex Meadow | Convex Lotic Tidal Lentic
Water inputs
Capillary + +
Precipitation + + + + + +
Upstream Little + + + +
Downstream +
Type of Water Flow
Capillary +
Subsurface + + + + + +
Surface Slow + + +
Overbank + + +
Water Outputs
Percolation + +
Evapotranspiration | + + + + + +
Downstream Litde + + +
Hydropuises Seasonal | Seasonal | Seasonal | Seasonal | Tidal Variable
! From Gosselink and Turer (1978).

a drainage, absolute size, and size relative to the drainage basin. Various
combinations of these factors can be synthesized into major geologic
types common to the New England area. The authors present two such
geologic types that combine hydrologic and topographic positions to yield
a relatively small number of classes. They suggest that further efforts
may ultimately allow mapping of hydrologic types.

Another classification, applicable also to glaciated regions, is outlined
by Hollands (1987) who stated that “In reality, the wetland [vegetation]
is only a green fuzz that grows on top of and as a result of this hydro-
geologic setting.” He identifies (a) six dominant or combined hydrologic
types: open water, vegetated without cranberries, active cranberry bog, in-
active cranberry bog, perennial stream, ephemeral stream; (b) four surface
inflow-outflow situations: inflowing stream only, outflowing stream only,
inflowing and outflowing streams, no streams; and (c) three groundwater
characteristics: discharge dominated, recharge dominated, and both recharge
and discharge. Combinations of these types and situations are described
as located within a surficial geologic setting. Hollands also provides a
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methodology that can be used to acquire the information needed to apply
the classification to other geographic regions.

Novitzki (1979) described the hydrologic characteristics of Wisconsin’s
wetlands with regard to water source and landform. He recognized four:
surface water depression, groundwater depression, surface water slope,
and groundwater slope (Figure 2). Surface water depressions receive pre-
cipitation and overland flow. Losses are through evapotranspiration (ET)
and downward seepage into a surficial aquifer. Groundwater depression
wetlands, in contrast, intercept the water table, so they receive ground-
water in addition to direct precipitation and overland flow. Groundwater
slope wetlands differ from the groundwater depressions by having an out-
let and also tending to occur on slopes where groundwater has stronger
flow than would normally be encountered in depressions. The size of
these wetlands corresponds to the quantity of groundwater discharge. Sur-
face water slope wetlands receive water from lake or river flooding, and
the water can readily drain back into lake or river as the stages fall. They
may be flooded infrequently, as in the cases of floodplains, or permanently,
as in the case of lakeside wetlands.

A system has been developed for the hydrologic characteristics of the
East Anglian fens (Gilvear et al. 1989). Seven major classes are distinguished
based on the relative contribution of water source (Figure 3): (a) surface
water runoff and riverine flooding (two subclasses), (b) leaky aquifer with
some surface water inputs, (c) surficial aquifer sequences with some sur-
face inflow, (d) both surficial and aquifer sources, (e) leaky main aquifer
although some surface water input, (f) groundwater inputs from an uncon-
fined main aquifer, and (g) sources totally from the surficial aquifer. In
addition to identifying the water sources, characteristics are given for the
surficial stratigraphy, water chemistry, catchment size, and vegetation.

The wetlands of Amazon inundation forests have been classified by
Prance (1979) based on water quality and flooding regime (Table 2).
River types are divided into white water, a term that encompasses turbid
waters that receive their high-suspended sediment load from eroding lands
in the steep headwaters of the basin, and either clear water or black water
which originate in the lower Amazon basin. The black waters differ from
clear waters by having high humic content and low-ion concentrations.
Within each of two categories, the flooding regime can be annual (the
higher order streams), daily (tidally influenced reaches near the mouth),
and irregular (smaller catchment areas that respond to more localized rain-
fall than the annual regime).

The Canadian system (National Wetlands Working Group 1987) presents
five commonly recognized wetland classes (bog, fen, marsh, swamp, and
shallow water) and further divides these on the basis of form, of which
70 are identified using surface morphology, surface pattern, water type,
and morphology of underlying mineral soil. The lowest level uses the
physiognomy of the vegetation.

Chapter 1 Introduction
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(Continued)
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Figure 3. Hydrogeologic classification of Gilvear et al. (1989) for East
Anglian fens. Description of wetland classes are as follows:
(a) those fed by surface water runoff and wetlands that receive
river flooding, (b) those receiving aquifer discharge in addition
to some surface water, (c) those fed by surficial groundwater in
addition to some surface water, (d) those receiving both surficiai
groundwater and aquifer discharge, (e) those fed predominately
by aquifer discharge with minor surface water input, (f) those
tfed by unconfined main aquifer, and (g) those receiving total
surficial groundwater. Precipitation inputs are assumed similar
in all examples

Table 2 ;
Classification of Amazon Inundation Forests

River and Forest Type

White Water Cleer or Black Water

Flooding Regime Vérzes Forest igapd Forest
Annual Seasonal varzea Seasonal igapé
Daity Tidal varzea Tidal igap6
Irregular Floodplain varzea Floodplain igap6

' Adapted from Prance {1979).

Tidal wetlands can be divided into those that receive mostly fresh water
and those that are exposed to brackish water. In a typical salt marsh, zona-
tion of vegetation appears to correspond to differences in flooding frequency
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(i.e., tall-form Spartina alterniflora in the regularly flooded brackish zone;
short-form S. alterniflora in the irregularly flooded zone; and other halo-
phytes listed below in the higher elevations that are infrequently flooded
by tides). The short-form S. alterniflora sites often develop hypersaline
pore waters in summer. This additional stressor partially explains the
growth form. Where flooding from tides becomes extremely rare, low-
salinity marshes develop that are composed of a mixture of species de-
pending in part on geographic location (Juncus gerardi, J. roemerianus,
S. patens, Distichlis spicata, and S. cynosuroides). Tidal freshwater wet-
lands can range from marshes (Odum et al. 1984) to forested wetlands.
Because of a somewhat unique environmental setting in the sounds of
North Carolina, Brinson (1989) developed a classification for sea-level
controlled wetlands that first differentiated tidal from nontidal, and then
freshwater from saltwater (Figure 4). This allowed recognition of hydro-
logically distinct marshes—ones in tidal regimes (described above) and
others in nontidal regimes—both of which were colonized by similar
assemblages of halophytes.

SEA-LEVEL CONTROLLED
COASTAL WETLANDS
no e yes
NONTIDAL. REGION TIDAL REGION
no yes no yes
FRINGE NONTIDAL FRESHWATER
SWAMP BRACKISH TIDAL SALTMARSH TIDAL MARSH
FOREST MARSH ASSOCIATIONS OR TIDAL SWAMP
(gum, cypress)  (black needle—
' fl rush) Mud Flats
| Irregularty .
NONTIDAL Flooded pper intertidat
FRESHWATER Zone Zone (low marsh
MARSH (high marsh/black With saitmarsh
needlerush) cordgrass)

Figure 4. Factors controlling expression of plant community physiognomy
and species composition of sea-level controlled wetlands in
North Carolina. From Brinson (1989)

Lakes and Streams

As indicated above, classification of lakes from a hydrologic perspec-
tive might provide some insight to the differentiation of wetlands. The
classical temperature-mixing classes (Hutchinson 1957) are of little use
because they rely on thermal stratification of the water column, a property
of little significance in the shallow waters typical of wetlands. However,
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